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: Ju«JJ < 4- u e.L ^ j 4J| (jyicj Jla^cjO 1 <?Ju<_) (^yXJ 2 (j^a (jylc ^^Li-oJIj 0^ i^-itlj £ <>Jl».j 4JL1 Ju^>il 

^^ ajjLaJI 4jjjJJ 4-jjLaJI jjlj^=JI Jj-AGJ Cy l^J.I i_<JjJlLJIj ^^lill ^jl«"lt LaLtll 4 ,.imjJLl ^yt-t^J 
CjL^>.j1LI A^ejjj ^LaTi-it^l IJufe (jGLjj <<J-«J<-JI (Jj-i-u £_ aj^jlil 4-il^.t, I j 4_tiaJlj 4_luijJI L-ajUijJI J* mi 
0-ijlj.a (jyic Lpli J-iyltJ J "1^— " " (jlsj ■^W'dl J^**- 1 W^?-* 5 4r ' . " -^" <jr>-^ (j-kj-^ ''- )ui> s-il^S (j^ (j-* 3 » JjJt^aJI 

.LcLius i/jJuijJtl JjjJI >_al 1^1 1, JLG 4111 

iLajJtLU 4jJjjJI ujjLjtjJI x_a Jj-dJJ 4_uL>ij! ajlaj» wufcLUI jjjlajj p^-i Ltall <LaL»JI Sjlj^l O-Laj. Jt£j 

4j1 i^-i 1 r-> ~~. i <Lal^-M <J-«J(-JI 3j"" l ~ > ' jl^ 1 "'* 1 (_,^~iL>^ 4!<jJl>. 4_l«1c t-^-iJL-ul JjiSj <4_i.jjjJi2JI «_al^_<JI «.l_b ^_ 

(_£Jl!I ^La-t-II fJal^aJI *-a 4-Lq-LtJI 4jJjJI Jj^ljjj ij,-uyj ^'igU (_*jjjilllj ^'iiitl /<ulL<TlU LaLtll 4 mmjJLlj J-a-<JI 

J~i £ —~ »l (^ridj^ J^^h^ 4lal^— Tua ajJa-b 4j|_£i!l ^_ (jLjtill <>Ju4> r-jjjtll (JjUlII 3j-'- u i ~ j ' jl^ 1 "'* 1 «Uij_OJ 

.4_u_uL_u2l 43 1 jlW*ia J).!""** i 2— 4_Lt2lj j"'^~~>lj ((Jj^aJI ^J-^ iJal i^i'tl 

/7LI1I 1^— Lj-il ^— lj a /o 1 11^ ^-JjJljJL (J-a-t-U /y-au^J — -^L*-" jLiTl>.I 4_ujjJljJI 4_i t l5^>JI tfjufc (JjLjIuj 

^^,^,^-",tl I jyj iaj^UI CjIjL^II 1—1I . ■■"^— I 4.^1^3 JjlJjJ ^iarF 4 - ^ Lc J-i-is >a 4-lLZlII oLI^slI! 

j^. «uJI ^j^a (J^aG 4_ujjjJlII 4_i ; l5^>JI <>Jub (XuJlJ ^j-u « '^-■" (_yik_9 ^-ifcLLil J 'J J p ^ 1 ' ■"' ' 4^aL«jl 2jl Jiflj 

.CjIjL^II ojufc i—)l .."^-.1 4_JU£. (<ulj3 ^pJI JL^aui^lj oL2-LiialJlj 4JLtL-uVL)j 

(-.t-L ^ eja » joi 11 4Jl toLisjJj 4- ir« .J U l(ji a ^jjjjii" 1 nUj Lkjljiilj (jyic (^-a-^L^' C3^J^ O' (J'-^" -1 *^'j 



w_aLJLI ^JaiaJj p ■< 1 LaaliJ A^LaJI BjI^VI 




.«^ irflp ll 1 1 1) n i III] -<^ i n II p il n i 1 1 fin In II riiiiiiir|Qlll 






(^UA):!>t!jLa^! 



J^jlXI ^_aLJj-j 








j|j^ljLu£l|il*j^jjjiJ 



3 ^| jIjJU 



(jSil n ^—'.VIj JJlqIJI l^LtLlJa (^Jl>3J jljjJJ X-Uj-fl^aJlj A-Lt-ixLaJlj 4j^3luL£3llU ^^l^^i*]! A-i-ulj.} - ^ 



(^j^l j^iJl ( j q -,,.ii J.uweUl) Static loading w ^ ; -i-..i J^u^l- ^ 

(^jl^ji jLi^.1) Dynamic loading u ^-moLujJI J-l^i- y 

(<u;.mi ^ &aj j^JI ji>^=3) repeated loading j>^=iti J^u^l- v 

:iifcJUc»ljL2».VI-t 

4-UJ I r-l 1 1 |_3J^ t — ! ^*J-^ (J^^^l (3 I "jloLLm (JL>JkLl (J^Tlitl 






J^— i ni IL. Cj^I ^— i ifuJJ CjI^j-lsu CjjJls- ^J i^-SJj <_<-i-ul_La J-<W-J jLlo-VI 4_*_LaJ9 (jr JLl j3Jj jL#>- (jr^ 
.JjU»JI I jufcj-uG Ccjvj 4-LulJI ajLa i_d^L_u £sjjt_a 4_tfl ?plij (_£ jJlj jLli^VI 4tUq 

.«.l_b>o zl jl il-it iMI ji Jt^iJL^a oIjL i l -w I (j^a i t-i a£ Jl>-Ij f-jj «.lj^-^( 4 <i <i ts>a jL pa .1 Cil m^— iLa~ ^ 

<> ud *Lr^ 4oo,^, a ^j Universal testing machines <Lai*]i jL^.VI oLl^u- y 
oljLsi.vl *l^».)f 4"oo,^, a ^j Special testing machines iuoii. jL^i oLl^u- r 

.AJu-aJI jt eljjJ^M jl Sj^LuaJI Jla 4_usL>. 

t(j-\ i u-uj (3"UJj>. ^ya <LaL»JI jL iT l > - zl 4 M^-iLa (jj^~»"n 
■jLlj-VI 4jtlaJa J-u^eli (J^sLn. Jj^?l »j^>JI~ ^ 
■ 4lLa-iS (jj/Li^j (Jj^kJI ijjlji, (jyJlill «.j^>JI - Y 

jia igiitia^j Sm^ui ^ ls '2- ^ u jjj, ^Accessories ^l^j ^1 *ij^l j^j3 clUj jj iaLbVL 

.Sn^ilII If. jLj^VI 4^2) CniM 4- f JueiuiJ ^1 GHpS CjL>L^=J! 
■jLiTlvVI 4jtlaJ9 (JjLo^xJ ^-2j>^ (jjJJ 4 j in ilb LaUJI jLllvVI oLij^aLa f!$JI 

jsl-jj L^ J.uweUi jj^-jj .Screw-gear c_j^uij ^^ui oli jLa^i oLl^u j 
ojjjiJ w ^-^jj ':," .Uimtl ^jl^ci^ cl^j .Hydraulic 4 , i ^-Mt iJ j 4r H ji^vi oLl^U .y 

■jLiTl>.^?I 4jtlaJa (J-«^>iJ (<U (j-«J ioj^aLjlI lIIj-^lIII (jj/ljJI *-3jJ 

. J-L*SelJI icj.u Jjuta 4- (Jf^' f\^-i-*l?l (jl^-ial .Y 



JwIljMlJjJ 






gLu) 



4 M^-iUI IL. Lai .LfrimiJ (jj/j^JI i-iJj^o i^JJI ^Llj^^aJI JJJoil ic.j_,j, j-cLtTu J I l(j^->j^»o ^pJI 
JjL-JI *-3Jl3 j^jJI <ie . >-. n 1 1 4 jmLUI 4-g.j uA\ jLll>.L) Lai Lfc^uu ^^a-aj <J-La^el!l <Uij_<-u (jLa ^_t^aL_Jjj Jl^ | 

.Valves oLaLa.^ n^uA^ mjU.«Vi ji jsuji j^^^-,^! j? ^IjU...Vi J! 




Hydraulic testing machine l£ij j *$ V JULi- j£ | AlJ 
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<JV«jA 



Fixed hetod 



*»<+*. 



head 









ih 



Levef* jj-j 




«^>W 



*Li*jVI jLnil - 



lj J u.itl jLiTl>-I - I <_J^l!lj (j-upil Oli 4. 



. / ^ ^ JZS ^1 »Uai.Vl ^ jjUU! g^flJJ < iiAUil 

AjijS (j-a /♦,♦ OjJJi (^JJI (Ja^kJI 4_ j^ilJI J-i^t^uJ 4^jJ> (jlj A-i-uL^o* infill (jj^~»" O^ V^ ~ ^ 

. (jo-lj Lfcj^ta (_£l) S JlsJj Lai rTmil (jr Ll CjL^L^aJI (jj^-M (jl u>J - V 

. 4-LLt.o Zcj-uu J>jJl»- £_ 4_l3 p^~~ •-►"^ ^j^-— 1 'J 1 -i fc»" * " (Jj^kJLi j_uGJI jj^~~ '_' (jl 1— cJVJ ~ t 
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jiJIjLJ^I 



<>L>JI '£— (_^jjj>m j Mill <J-4^- j-<3I-j Cl>] Lg i a I j -^ (j"4H^ jLil>.^?I s»U.« (_yic tSj- 2 *^ * ^ 'T* J-* ^ "'^ jLiiiU 

^j-a IJljj i^~p>- Li a jjJj (Jjj^cjJI (jj ^~i JJ < 4-LulLJ ^jJaJI jjj>Jkl (jylc <Jj«k]I <>L>jI JjjlaJj <»t-^>- Jl>-Ij 

. 4-LL t JLl J I n^-l t l CjjJu*. (jyJ^-J J-flJ-aJI 

_J,I CjIjLiTl>-VI J<jinl jj^s 4J_^=J -al jLJr'i.iVI '2— Ll^-Liiu CjIjLiTl>-VI j"'^-— I (j-a JtAJI j LiTl>- I j-p*Jj 



I (j_9^~~ >"< <i-po AjdaJLlI i>Jub l(j i a j(J7" » <jP-J' 4- u - t JI <UL». 4 
ijjojk ^ ^—i mi * La-SJkl tjj^~~ 'JJ Llllj IjljJLa (_£jL_uJ 
Jt^foJI jL iT l > -I *lj-»-J J^-t£. ajjj" i ii U jL iT l > - zl *_La3 a, 



uLlIII jLl>.VI AjlLJ9 J^-i mi (jj^-ij 

(^yAjjpJI jj^>Jlj (Jj/LlSJI (JjJa tj-u 

3 <Lal_c 4 ii i^i^J i (Jj Vi"i ii a~ ^J J" i ii a) 



L = 5d j-jj"n.iU «Ja 2 1 1 IL.J L = 5.65J Aq 2^-u^JjJI » Ustl 




ml r» 4_Ll*J M ^— » ui 
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. Pin end c_^3 oli ;bi«i- i 

shouldered end ^i^= SjL^- y 

threaded end uiu^ iA^- x 

plain end s^-u,,.* 4jL$j- £ 

circular end s^ai^ ibi^i- o 



LiS 1 i\f 3V)in« 4jI$j i '»". till j AjIjj 



- «iV v.-* 1 -* *iV 



(oIj>L^=J!) 4 n^-,m IL. j^iJI ollifi. udL^j 4l^j 

(j-a flaJl «Jl£. lillLukj . u -ljjJ2^\ «Ja ZLJL1 ijjjiLiU CjLj}L^=JI ^JuSr'nnl (-A) lLUJJj (iAjJI) 4-a^a2JI 




4j1sL>JI ct-LiiirJI 3>^ o^*.'j '"'^.'N ^=lJI f* I^Jl 
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. (j~u3 L<yla ^-t£- ,_) a a *»■ * I , I *j^>JI CjLiL^j - 1 
j^A^.t | *j^>JI aUalJl f>^^-~ Y 




tform j^.t.ti - ^ 

tTexture^a^JiAju. - r 

Coarse »jjj^-» ^^^ jj jl Fine Grain ij^u^ ^\^±>- ji jl Silky u^Li ljl! uj 

Glassy ^Uj jl Crystalline J3 L2« jl Fibrous j^lj ji grain 

dark <>^=b jf bright ^v Ul 



JwIljMlJjJ 
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. i_3j)j^>JI jlc /<ullJ » La-SJLl 



Il>- 9eJa-<uJI ,jj^~~ 'JJ L * 3 _l>- !ta _3 7"^^ LiL)-* 3 C--uxt3 ~ 

i , ,-^nj -»■ l- , „ f. j . „^— . Tl ,j |A ^— » « j jfej JtjjL>- ~ 




JwIljMlJjJ 






gLu) 



^« U LLuJ JLuJ I j LI?- 1 



: iJLkl^Vlj J^JJ ^LJ! ^^^H! 

(jr L»_Ji,! I Jl& J^ i"i i fil'-'oj . 4JIU" i ..al (Ji-«j (jr fl£2! jjj>J.!j (Jjii«J! (Ji-«j (jr «jj|jJ! jjj>J,I (jl (jj/L-ul ^^^ (jr be-il,! I Jui cA»j 

j.M^-iti JJs iaisj y uj^-t"ij £>^ isUirt y ^ji^l .-.i.^iti^a Ductile material *UU{\ cpLULa 
a^ ^ ^>bKj - a^jLHI j^ic ...i.^ti^a Semi ductile material *UU{\ . ht«\ o^ 1 4- Uiu 

4JLJL2 l(j/^ 4^£jl\ l1UJl^=j La-jjisj JJ2I f-j !>!■•>■ 4 rtliia LJ jl g-j i^i-^ 4 rtliia LJ (j-u-tl — *L^Ll LWJ-^ 3 
4 fl-L» La Jt^foil I j" ajl 2 "j ^\) LJ jj^-— "_' Vj f-j '^-^ AJLLaJLa (jylc J 0" ifujV, (jrg-3 4 a iaJlil (j^Ltil Lai ?-j_iis^aJI 
jjjG Cc jv j (4 h i^iiitlj — 4 lj Via 1 h in'A\ — 4 IjVitl -iljJ.1) ciJjJL-u (j'V 3j-^' ^-^3i <jr^^' (jr-'W^ ( <u - u J-^J ' lJl ^ 



Miqh r#rv»iUr st««t (S«mi_ duc»il«) 




'Cast iron (Bnlflt) 



Extension 



4 lil'i'reja -ilji, 4JI Lali ■ -VI j Jj^kJI (jr L?e-La 
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2kfcdl JJLmU JLmjVIj JL^-Vl^^tw 
( o-) Stress jL^i 

.Y*s-« (A ) jLli^l AjlLlII ^j-Ch-u-U 

F 

cr = — 

A, 

(e ) Strain jUiiV l 

. ^ (L Q ) (J^LUI J^Is ^^ ^ (AL) iiu»J l^l 



AL 

" A, 



. 4JI Vi"i 1 nzlj (Jjjj>JI (^yl^e-La (JjL*J J^—i i"i 4J (jj)^~»j (JLuLl^flj 




Proportional limit -5^ 



Elastic Hat 



Elastic. plastic star* 



Plastic 



Ordinary strain 



(jljUa (jJuJ, JLtaJ^lj jL^VI 






Mechanical properties jlAJI a_ oJ^Ji 2 :^:' A ^: U *\ji*i\ 
Proportional Lim c_^Ln]l j^ - \ 

: Elastic limit %>il j^ - y 

: Yield stress ^j^iJi ji**.}- y 

F 

(Young's modulus) Modulus of elasticity (^ J^u^) i^i J^u^ - £ 

4_i£. j-LtJg *Jj)>U 4-fllaLa IL. dlljj 4J <JjLiI,l JU-oJ^I ( _ ;r Ll i"j'^« \1 j-^VI IL. S-iLjjJI 4-*jS jjfc 

Modulus of Resilience ( R ) ^^jJi j^u^ - o 

. aj-LLTe-l, I 4_Ll*J| («-3tJ>- (jt 1c- 4 a a ■ ■■ 2 a <LlC^>-jJI ^_& 
Aq X Liq = jj-CtieJ, I 4_Ll*J| («-5=^>- 

„ 1. AL 
R = -F 

2 A)M> 



Modulus of Toughness ( T ) oini J*u* 

jLiTl>. 2f I 4-Ltg. (^-^^ (jr^- ** "J '" ^ " f> ' ' ^ ' ' 4jajL2Jtl J_y£. SjLiX. j_& 



2\L 






Maximum tensile strength jl£J] ^ j.^st i ^jiai - i 






Ductility LJ^kJil - v 

Elongation / xjlui^mj ^m l^\ ^jL^kj juUI ju^i j-u*g ^ o-^l V^*- 4 it 12 

Reduction of area/ ^usti ^i...^ ^^it s^n iy,r,}\/\ 



Elongation% = - 1 x 100 

A) 



A) _A f 

Reduction of area % = - x 1 00 

K 



Proof stress jL^ji jL^I- <\ 

2 JJi^ta 4 j Milt AJjL^a 4 j 1 1 «Li3 V ^tlU", ,„l LflLLq^vJ *l_ui jLTlvVI S.Ua £_ CJ JlJ>o ^JJ! jl^j-^l j-ife 

i try It i^jlj-ll ' Vi->1I *-« 4.11 V— >~ 1 nzlj (Jju>JI (jr !t5e_La 1 Vi-^ «_LaLajj iJjtlc ^JJI <Jju»JI j_4> (jLj-iiaJI <J-4^>- 
. 4-li.i-uIJj^UI S tit-",. .VI ^jUuj StlU*. ,„1 . fjuj ^jj| ^lZLl.u.1,1 



F proo, 



JwIljMlJjJ 



jl»IljUIy-l 



gLu) 




Strain <JUii>>t 
~|a0Ol of g*g» 1.09th cr»l3J'«^*!^y"..l 
' —HO005 of gjtg« length 



(j I O uaJI jL^>.l _L)_L>o 4_ul.l^=> tc-l^^j ^_jLu (Q-t-uj 






dHJL^=j Elongation aJLUi^^Ij Load j**u ^l^i i^^ti ^j Jj *j>*jJI ojuk l^jl^s 
^jiaJi ...i.^ti cy Qls^ ^W^ Strain juii^ij Stress jL^mj ^l^JI t^^ai ^j 

. (_£jjj>Jkl ) _ / ^— l-uIj i "^1 J Mill Jju*. jjj G dij>o j_ifc jJ I JjJlj»JIj j-oj-a 2I (jj/Lstlllj 



.1 Sj^Vlj oIjjVI 

■ 6J £—\ 't u,l 6 I j| j| 4-lJj ~ V 

: 4_)j_3lIu I Cj I aiaj. 

. 4_uj^]| CjI j ixJuUI aI JiitL-uL) jLli^l 4-Li£. j-LaJS (j-"L5j — ^ 

. 4_uj^j| (j uLjJUl 2 1) La-cu-4 a I Jua-" 1 11U (jjjLuUI (J_ai^ 4-LLtjl /yic. JJljso — Y 

. jLl^VI 4n^-,La4.jL^VI ^Ulais d^!u - X 

i j h i^itl (jylc. (Jj^kJI 1 H j uaj LlUjj 1 4.11 Vi"i 1 ii^lj JjiJ»JI (jy l3t_La («-ijjjJ 4 n^-iUjI j(j^~ — £ 

. SMjt-,..VI ^ic aajAltl 4j9j^]| ( _ ;r Li 4"a^L*JI Aj-uj-J (dill ^^JLl Jaj uaJlj 1 j A.^tl ^J^, atlU", , ..Vlj 

. J ) n^-l tl *UJ <j^>" Ll > iJjJJ jL |T l > - zl 4 t Vl fl (J-«^>J 

. /<u-ujJI (JjjLlLo Jl>-I Julj 4 iil"i-ttja 
. L^uLj,! (^yic (JLtiJ^lj .}L^».2l (J|r be_La («-<-uj (<UJ (<U (JjJlj>JI £_ (<ul5JI (Jja- i n*i — V 
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Do = mm Lo = mm df = mm Lf = mm 



A 


V 


1 





i 


X 


Y 


\ 




















F(KN)J^>JI 


















AL(mm) 



Lh a^| ,^-Ltl (j^itj i_dJJL^= (—iL^ts-j JUii'^lj JiL^^I lLUJl^=j StlU",..VIj J-*J»JI (^istla 



<aVI (jj/UtiJIj — i^jiaJI t—JLuaJI) 4j}liL!l (j^L*-^ JLk-oJ^Ij -iL^-VI ^Wla 4 M^lla ^u 






jj^jl QjIjj JUJbui j ^UalwVI 

jj'^""'JL3 J-*"'^ 4r ' jL iJ ^JlA' 4_fllala (jJuti.1 ^^.LCij Lajiiilj (jJuJLl 4Jj)j_« J>jJl»- IL. 4 «t-l2j 4-Ll»JI ( _ ;r Ll 

4 * i» t l > 1 „^— < /-lo- >"'^~' ' I /j" 1 '^ ) '^~~ '"' (O J '^~~ » l ^11^ 4 i^ ) \\ 1 /} ' CjJuso /-jJI 4 2 La * 1 , 1 ^_ a t l U." , „ \l t 

4JI (_£l (J^/LlSJI (J_al3 *~a Li 11 ^-lf- Lu-uLu I- 1 1 iiLuJ 4JI W{ 1 n^LI <LaHI 4j^_u-l!I (j) 7r 1 ajj <_lUj (j-aj 

^j-a 4-LlxJ| Lq-Lu 6j 'J^~~* <L)_j-i-a 4 U W*i . , , I 4 1 1 u < LJ \ " aJill q uLlSJI (JaJo CJli 4_Ll*JI jlis Jl>-I^JI ^jJ-t-aJJ 

. aj-1- t .L gi 4Ja^a aJI W*n 11I 4 j 1 11 \ LJ JjjlaJI (JjjLlSJI (J_ala CjI j (jjmi,l (j-oij 

J Mill CiIjLlL>-I *lj->-J ^lc Sj_uieJ>l 4_Ll«JI jLljI *_a tCuvLS oWi (J-^LuiM ijj^ ^^^ (*j4j ''"V^ 

Ji^jJ (JJjLjjI ( _ ;r ic. (jjLfcJ.1 4JjLia (j^-i <1J (jr^ 4-U.uJiijJI JLi£.^?I IL. (j-iLtll (j^i'^lj ji J_aj-dJ 4_U-ul_uiJI 

. 4_u_uLJ9 a JlS^OvO 4_Lt£, (jr JLl i^j^>o (^ JlII jLpi^l 1L. ,» jJ*^L_ui I (Jj/LlIII (Jala 4-a-f^ 

£- 4 tit-" , „VI 4-^iS j;^-— J (Jj/LlSJI <JaJo .US*. j^^JLc 4 tit-",. .VI fcjjjj i_3^Ll>-^ lj taj 4J| .U>-^\ljj 

i—)l 1.11-w (jj^~»J (_j^~~ 1 1 f»j-L LiUjJ (jj/Luill <J_aJa it-irt < (jr^^ 1 (j-^ (*LJ3jJI * rtt-iia (_£l) j 1 n^— 1 tl 4 iiVii a 

Juu 4^uL5i,l 4 tit-" , „VI jj^—" j| Lai-pe.LO ((jjmi,l S^itjU^ ^ ( 2 > c 2jjjJ,I) 4tlU",„\l t 4jjHI 4ji.iut| 

La (^uLlSJI J^aia 1 ^.^"'^ (j^l^aJ*- IL. LlJj^j 4-Lul!I j ■■■^— jj^— ■ J (jl l.»aj 4JI ^i 4j^jJI J if 4j>Jl_Lll 

uj! 1 ii-v. jj^~~ •_' i^l — 4^e_pej-a J Mill jLpa.| TtjLjJ jj^~~ '"' (jl (jr^ 1 ^-"W^' Cj Lflj-a I ji, I O^aj tilljJ 
^jJbj (Jj/LlIII J_aIaJ ila uj jfl i^JUl IL. 4JU*J| j ...^— jjaj |j| — La-pe-Lg atlU", ,„\l t 4jjHI 4ji.nit| 
(Jj/LlIII J3I3 4 iLa-La rjL>- j in^-itl O Jl>- _aJ i$j->-\ 4_Li£. ( _ ;r Ll 4_ulj jLpi^VI a jLclj 4_LulII ciUj JLj^kl 
p t^» a (jV) 2j-lLi^> >jj^~" '"' ^ ^-"" "N J ^_a^i' 4 j 1 11 ill jj2 (jj/LxaJI (J^aia (j PjLjj (^Jl>-I ^J>^ jl 
. jjijej,! (JJulU 4-l!jUo a ^J^a ^£, Le-pe.^ Jjjjajj^iaj Vj ((jj/LiUI J_aJo ?J^ 4jjL»- 4JI Vi" 1 n^l 

Elongation equation: aiu-m.yi iJ^L^a 

.4_Lt^sji.l 4JUalmVlj LaL«JI 4JIU"iiiVI ^J 
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gLu) 



.SJLC D d^p» (D-L) ^gjl mJj 1^<i Lpj-— • i. i i .ill— ij (Jj/LlIII Jjls 4.<yi_ (__l— LaLtll S tit-",. .VI i__ 3j_ ij 

i_c.ll.uTij ( _ 3 _ !l aj_jJI _jjJl>- ijjua (__l_ i _aj_ _ t 4_Lt.i-.jII s tit--.,. .VI Laf t^L— ]| Jjls j— > -L idulii 
<>j_b (j\ Jl>.j j_j i-LL—sVI (^jj—^tJ,! *-— — ill 4_>l__a j;^— Li Lg— «u_ .}1.ij3 (_,_!! iUL— __ uVI oluk IL. 

L^j( (_£l L p3^JL?L_JL I » la 2 1 I ] 4-lLi— > 2 I 4_wl i n <l I I ^_*_UJ_1I jjL>JI J—O L>.^__t I ( I III— 1 1- I I III— u 4jL_ __ uVI 

LiUJuj .(J_.j___lI! ^__Ul! LJLa^fl 4_-L_J.1 <__*> A i_jLu jiJl_ C iia> bL + C^A~ i^jL-u 

t^gjl ml i 4_JL— =JI S tit-",., VI jj^—" 



Unwin's constants ^1 _*jIjj c 



^b C 
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:<Lj^j*1]1 (jjs (_3JuJI 

JjJljso j (jj/Ltill (Jjlaj 4JI Vi"i 1 ax\ 4j9}J_£. 4-i_uIjJ>j (_£j_LaJI ( . i\ i^itl (j^a 4Jjj«J (JJ5-1I '-^'IjJ ^ JlJ * ,j 

■ (■ 1 I llllll j I n^-i tl *_iisj^a 

.jji a ;^— 1 ^- ^ 
■ p ) nil" jl^>.~ Y 



.(Ao) LJLa^?l Lgl^L^a jjJlj>oj c^^j-a^l S_Lul!I jJa^ ouLS — ) 

• 4j^l I n"U ,al I rl^^tl ^j-a -SJlC (JJ jLiTl>- Z I 4_Ll£. p^ I U-Sj pjj p ^ I ilSHI I J I j - *- A I Jl?-" I II Ll Y 

(j^>> Li^ojJj J-«J>oj LaLtll jLli^l 4 n^-iLa (_,^->*^ l£J Sj_a^=JJ,l jLli».^?l 4_*_LaJ9 CcuJ — Y 

(Jjjt^ujj p 1 ii<^ (J^= aJI W*i 1 ill (. 1 1 11 ■> 1 p3 j 1 11^— 1 tl julj ajjjlII aL_il2| jj^a p ( oa (J^= (J>^ <j-"^ — ^ 



1 





i 


X 


Y 


) 
















(p-«) j ' ■•'—- » II Juu (J a la 1 1 














(p-a) iJUal^VI 



jj^=s\ (j) 4 l^^-^Laj (Jj/LlSJI (JjIs (jr^ 1 4JI V-i" 1 11 z I £-JJj3 pu-uj (j^~~> <1J JjjL-oJI (JjJ^>JI (j-a — 
. I ojl in jLiTl>-^?I jl^— I Jj (j-uLuill J^is (j-a '^'"jVI d.l'itl IL. jj^-— " StlU*. ...| 
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gLu) 











(*s-o) (Jj/LlSJI (Jjla 










(^) aitVm,VI 



j u IVi . .. y I <UjLl>sj (jjl I nil /Q I il^JI a.] JlJt" i iiL) (JJ5-1' O-ll^JJ (j"\_L*J ^j^-— » 1 ' I -1 ^-— > 



AL = bL + cjA~ 



4J1 U" 1 nVI i!jU-a i» 



A (j^= ljJj /^jii" 1 11 U 1 Vi->1U V-> 1 nl^j (^yjj/ljJI jjj>Jkl (j-« s- j Vi ii t, I *j^>il (2>£. i»jL±£. C^JA jij^— ij'q 
•'• 2 = C^ 

.D C^jLjJI (jylc. J ' «a >j rtjiVi 1 11 U (J-us i_il i n*>iJJ /ojrt" 1 nU 1 Vi->1I (J^us (^yjii D lLUJl^=j 



^j^o jj^-^-J-i £y* ^-Jj^-i a 4jl^-i tl 4JI Vi" 1 11 z I (jl 4 l^^-^Laj (Jj/LlSJI (J^iaj 4JI V-i" 1 11 z I (j\j AJS^LtJI <LiL2l_La 
• A^jll iLJlU-m,yij ^LJI A]ltVm,VI ^ aJI Wi i ,,V I 



(J_^9 (jj/L-ul.^3 aJlSt" ) nJJ JtAJI jL iT l > - Z 4-Ll n^^g. iJL>. (Jj^JsJ I <>L>JV. 4 J ( rlitL) I Vl t I >) 1 1 jL l L > -l JlAJ 

tiiljj < it-irt'q it-it i>iU ^j r^rtll LajLSJLI (j-4 j - <^ ' V*it iMI jL iT l > -I sjLc a JlJt" i nJJ . 4_u Jul! I J-tC -}lj-<3-LJ 

. jljjJL! J>jJ9 (j-uL-uL^a 4-«l JiieliJ 

: (J^oIjjlII oJ-& (j-«j 

. Sj-LLJei,! 4-Ll a JI (jylc. Ijrij ri^- Ljj^ta Ij-pl-J 1 La t i>itl ^La^so j_u Qj I Ajj. t .^ a ~ \ 

£* ^jiai juc .Ui.Mb <_Lu^i j^ (Relatively unstable) 4n,,.;ti olpvi ^j^ aJU- y 
\jjjz oj^o ^1^-,-^vi ljukj 'Sj^iiai 4^1 ^Uij iii^m (j-lj <^> (friction) ^1^-,-^vi- r 

.O-i^J A Jl£. i!L>- IL. I j*<* jLiTl>-VI *jLu IL. Lti^eJLa 
4-Ll*1? (jljj^l (j-a i^uLla i>-J-i ^^i^- Jj) 1^1 Tell jLj1>-VI 4-Lu<J (jlajJLLmXI » Viriolt ^i uiitl J «^-»tl~ t 

-.'4- cLUj uWijj .<_Lu^l *Lul 
.4_JLc 4ju-u CjIj jLtii-l Cjl_Lt^=La Jl^-Ijj • 
4j9jJI (jyic J J L*aj>J I 4 jjji ,^.tl j ^ J a (Jaaj 4^-jJlJ Sj-Lt.Lg> CjI_Li£. ,»ljiitL-ul jl • 

.jL^vi ^lu 4^i_ai 

CjLuLlojIj SjULI pjj (jr"" jLiTl>. z I 4_LlC .}L*_)I jLaaJUa ■» La 2 I , I 4 I j U", . , , ^ j| 4_*_)j_a CiLLiC ^-iTltkJ 

■ dLajVluiU Sj^J-^Mj 4_)j|M,l 

LiULok (jL^= (JjIaJI jlj I -^l^—'a ( ^L*La (JjlaJL^a i <_Laljj<JI (jiaJLxJ LLa^Jj-J LLaJLuaJI 4_Lul jLll>-Ij 

Sjji^i^ 4_Ll*J1 d<JL^= 1 ol^->j ijjijjiJLlI ttUiuVI (jr Li CjIjL^-VI jjJjj ,aJ^.j *l-L>Jl -Sj^jl JLaTc^l 

jU^tl ^ ,0 (j^a JSi Ji^LaJI jt^— I jl 1 usjjuoa 4ja^t ji g-j "■»_' ' <tl^-."^ VI j Al" ^jLa 






:<j.iL*-*lt it-iiiMI jlxo»l iitfl 2_ Lfcjil^J <_c».!jJI daj^foll 

.<JjU»JL) jjjGJI Jtlc AJjjlII ^^jL^J (j^a (J^= ?e-La-i-u (jyic 
((j^j-tlui-U £-kHI 2_ Juu Jaf j?) jUStl CjIj-a ) • jjL==^ V £_Li3jl CjI j iiuJI g^aJ o^ - Y 

c_JUo iiuJi ^ *ll»jI ^j^i j^Ij3 ..,j,,m ^jJij (Buckling) ^u^i 6^ v <^ 

■i Vit iMI J-a^. 

^-Tl>. lIUJij 4_Ll*JI j^ta (_ylc £,** ' N j 1 ^*_J g\JJ1_aILaj g^jj" ' " a 4-LLtJl ^jjL^j Ls&Ja^-u ga^s ) .1 

. Ljj_a^ta (J- i ^ge l !l gj^-ij 

:^L2]1jLui.Vlolic 

: ^yAj f-l_aJl 4j}G ^JiL«_<aJJ it-^iMI jLtlvV 4-l^LlHI CjLLiaJI 
(J-sjxU ^LuJI (jy l56_m (<u-uj (_p3jJ«J aJlJt" i n"j « LaJLJ, I j_LaJa(Cjlj_a^ *~ A) (JjIaJI :4jb_oiaJI • 
g4H" tJ^J-*^ <^J-IjL^= ((jjjLuill aj^»-l i . m^— t^pj < L Ll * JI gala ^_j_tiuJI g"L^9 j)^"" 1 flj (jr^ 3 *- L * 3 ' * '■-•*> <zlj 

.U« ,MI jLiTl>-I IL. frj.>.-^tl \l qa\j (■ i IlllUll Ju>- 
.(jjLtail i Vit iMI LajLiLa g4H" ^-^ <*J^" ' »~J f VirtU j-La-2 (Cjlj_a V) gjJaJI :iUi iij^-ll • 

Bearing metals <>U4l j>L-a jLjiV ^ jl^l^j ^kail j-Ui ^ (-A) j^kil : ; j; .^at i • 
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, w . Medium, length »- 2d-H 

Short specimen specimen^ ung specimen 

W^L^ii^ 4*i4ferftliii«u -al^U.i^ 



1 *l^."lj S-»jS l-»_.-».^ aJUaJI ^l** j^J-U Jt-^ jj^ -1 .' j ^ 

■ bj^ca Jj-sJelll tj j^-ij (jf V^i" ^ 






J^f*^ 



itfU^O* Ccfnlricity 



J i 






-T 



J 






1 r 



CjLU-A 



rcfi 






jLiTl>- 2i I 4 *^— >l 1 ' JaJu -"''J' '"'**- 1 4_Ll£, f-Liisjl ^JaJLJ 






l. -objJi sis ^ j^kJi il. ^^^ L^L^ ^ij cP=>^!i '4r sjbjJi ^^ " Barrel ^AhW J^-"* 

. 5_Lj^3U,l (_ r -<-o I J /—SeJa-i^i *_a ' >\\<^~ i"i-^VI 4-je-LLl 4_Ll*JI (_ 3 j-)L$j 
: ( L $jlal\ .-.l.ntl^a) 4hUU jjUJLl dl^ 



F 

a = — 

^0 



:( > Lu 9 V! ^Uill^) 5JLUI , luaJ cpUl ^i^JLu 



"" A, 

:(j_<fcjj| JyjL>JL^3) ii^aJUl j-iU-M tll^Lu 



A. 
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«^< 



Strni ductil* mttal •% 




Brit tl« mtUI- 
cast iron a . ^ 



^ 



"•formation 






. (j^Ltil (jjajtjj (JLtflj zlj .}L^»-^n Cjl_iJre_La (Jl^~i luI i>^jlj (^yL L<vl3 t 4_Ll * ]I (j mi it 




Ordinary, strain m/tn. 



I jLi^l 4. jl^i! L> ^*J JLiiVlj jU^VI oL^btia 






!^j i^iritl <LajLail JjJlJJOJ t it-it i>itl (J^i*. j_jjG Cc JV J 4 ii i^iritlj iLllaJJ l—OJ-aJJ 4 lj Vt t, I (jjLlil ^lljLuu Ajj/IjJ 
.4JLLII <jJu<-U 4- pg-uaJJl -iL^J J^J^>>J <-1UJl^=j Siii^irttlj ^IjVia < Luaill (j-iLiJtl 4- i^Luall 



. 4_ujj CjIJ 4_aJu2- T 

4-LulJI J3^eja J^xLaJj (j) SLclj_« «_a it-it iMI jL^>- (J-u^>-S (_,"' I" ^~> (j"V J*- P^ "* ' ^-*-^ a - 2 J-*-* 5 J^ ~~ ^ 
V 4JLa (_£j_LaJI ' . J uaJI 4-u.tJ 4 j 1 nitL) Lai . IJl»-j (j| j ■ ■■^— tl J_4j>.j tj.^-Ltl (_Ljj>- t 



JwIljMlJjJ 



jl»IljUIy-l 



gLu) 

















jy-iQIJlj Qui i n' 








( (<US ) f-Ujj^l 


( /<ua ) j Viiitl 


ijJ*X\ £y 


J.,,^11 


^.Vl 


JI 


<>*Vl 
















(_£j_la (_JLa 
















j ii f i — > 1 (jj/L>iJ 
















J-ibj JlJJt*- 



- - 4JLia_a (_flj-£i_L!lj ^ a .^.^tl (j^Lttl '£_ . La ♦ i a 1 1 ^j ,^.^tl LajLHI JjJljso 



i| (Jl^— i i"it 4 1^^-^Laj i Vit iAiII J^>. j_uG C^jso ^j^mi i_*J^L-u (j\j jjj-^'j ij^liJI Cjl_L b e-L U 4_u±al_La 

. Jl3-j ^jl 4.aJlJei,l CjI_Ll«JI 






IMPACT TEST 

2^m 4_ajLila ^Juo (jLu j-4> 4_La (^^jJiJIj 1 1 _,^— m aLbjJI (Jjji^tlJI flj-il <j-a *s^a pjj aJu^I j Lla .1 Juu 
p.i<-»tl jLpa.1 ^Jiitiulj U^= t J-JuftuJl <_3«jJe G>J (^y^a-LalJjjJI Jj-a^tlJI) aJ L^aJI ^ji j-uLli jL^J^U 
(aJli^I (JjWiJ 4r ^(j^ + '^ '- 'J ' "" (jr^'j l(j" ajlJLa (jyic sj-pieJU Cj1_Ll«JI ^_ r-jj_ilJI Jl>-Ijj j-fJI-J oW^ 

STANDARD IMPACT TEST:^L2JI f j^ji jL^I 

(JjJlaII J* i"itl 4-a-La (j-LU /<u Lftj i h^lJ aJuus i^J^ (_J\ cP^J-*-* *jjj j;eja ^rH-"W^ J'- P^ ' ** + 1" 1 ^ (jr^ 1 tij-^di 
l(jl o*«. i 5-^->-J (j-« (jjajtjj I 1 (j i >i t j «_a -iljJJ <UjL2i, Lj/L-uI AJsLLaJI <>Ju4> 4-a - L3 j- p - t jj jL iT l > - zl 4j<_La3 j i n^-i 1 
^.LLtJj t Q^lil" i nj CjjI" i nj -^_j3- 1 'j L7 j J' i ill (Jlla 4_uj/Ll2JI a jLLaJ I Cj I j LiTl>- I ^j^a p'3-il «JlC LluLLffcj a jLuall 

. f j^JI oljL^I ^ (jL^ 1 "^! oljL^VI La^> IZOD jjj^Ij CHARPY ^jLiG jLnil 

JJijta (jjj 4J (11) fLa3jl (j-a 7c^-jLla jjjjj ^ aj_»ILJei,l <LL*JI (jr JLl Aju^aJI J-a-C j^Jj (jJjLli^l M-^= IL.J 

J * 1 <3J <AJLs (ajjj^sJkl) ejjjieJtl S_Ll»JLj <JU|jJa^al Ju£.j t£plj QJ^-iJ OjL^a (jLa J^UI I jufc J^LLl lils (W) 

: (jJk <2jJtl\ juus£=3 4- AJaJLLmXI SlllaJI jj^-"' lIUJljj (H') jJUfLajjl Jl 

U T = W (H-H') - F.E. 

CjI_Ll«JI a JlJt" 1 n"j ( I j"-v* j-t-i^ Sja^uJ LjJLa-ifcl J ^— ij j , <tl^— ",^VI iL*jjJ a \j 5 A 1 1 aalUtl _F.E ^,,_l>- 
-iljJtl <UL»- £_ j 1 n^-itl Jj(j ' »*\j j 1 11^— 1 tl (jl^~» a JjjL^tll Jj3dli (jrdj^-^ ^jL iT l > -I (j-a <J^= 4r *jj!> :> '-^ 
j^t£. CjI_Li£. a JlJt" 1 n" Jl^j 1 Aji^ilt L^IajLla 1 hi i>ij j^>il f-LS Ju£. CjI jl^-^U j^=j^jj J_aJ*-J ^^ *iJail 
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Calcolatioa of Energy 

AM6U-, / 
OF «ISC \ /*, 


Relation* 

{. #ew» of 

\ 'SUMtfftf 

AMGLC \f 

OF FAU. V 

\ CCHTCR OF MASS 
\ /OF PCHOULOH 




H >**J 




JfiCS »£i.iTi;H r 


OR »JNCJ 


.UM MACMiMt 



La^UjIj j»ju-aJ| iiAUl (_ 
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' 


— DDmm » 


r? 


0.25 mm 
radius 


8mm J 



(a) Specimen with V notch 



|Z» Specimen with keyhote notch 



[C) SoeciTen w ; th U notch 

(A) 



D 





y- s 


55 mm H 




iw slot ! 


5mm- 


JU 


im diameter 





HJl-2™ 


« — 1 








u^ 


5mm J 






$^z 






(B) 
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^ylfi, 1 j A , ,V, ; ^ '£_ jiijj <i aJ L^aJI jj^ 1 — "' ^tP^i W^' ^-4*^' Cc-uj ^jl uuj jLpa.| IL. 



ioX^lJl 4dU- 



Oy t JJ ^y^-jbi- ?Ja—» 




io-WaJl aSU- 



o> 



n 




. ( r > /» 




))l iii~ aJLi^Jo ~ T -19>j' aJLi^Jo ~ i ,> Ju^aJ I )Lilo~l ^_ CjLLlxJI Ci-liTij Jjji) 
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f-La jj^j ^p*J jLlL^I AJLt^aLa 4- Lu-"b ^-4*^ C.cj!l& Jij^jI jLlL^I aJU. 4- L4 • j-^ JjLIU ^jJI 



jj4> 1 o^-> < j^>JI J^J£. 4" nr j Mi^-iTq i ^i^iritl (jJud.1 Lai j in^-itl *_a 4"nr <_ r -u3 JjUU (jJmi,La 4^1 ua£ ji 

. J^— i '"'II <£_ T 5 - 1 ^ 5 ^ 




(Jjl*l^ jJ^xaJ ^Ul£]l (JSjuJ 



-^3 ^j^x-ol >Ul£Jl (JS^U 



) AJLkil jjLuOJ ^j^JI jLpiU 4.j,„^-itl Jl^-t.t,) 
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aJ i^tl jL T l tw ) ^-JLu jjylfi. j3Jj (_pJI (J-aljJLlI 
.Lgjlj 4 H^nLlI SU.nl^J 4-u3~ud\ SSLLaJI C-clcuJ tiJJij ixjLJeluiil Cj1m^-»UH foJ <_3>Ll>.|- \ 

4JLu>o ^j^a JjJ3 ^LlILij (JJulII A-JjIa^j-a (j-a Jj_)3 SjIj^kJI <*-»-J-> S-iLjj^ 4_Ll*1? ajlj^>JI <L>-j.} - t 



JttlljwlJjJ 



■AJuuaJI ,_£jJ2 j-uLjj jLl^J^U i-aJliei,! -iljil LajLla ^Jm JlJJlso 

: LajLseTmi.U aj(j>^J CjIjJ^M 

■AjLuaJI jLj1>-I 4-L^=La - ^ 

■OuLS 4-ajJ9 - V 
ill 4- SJLjjlII ^JiJL-u JLc l^lSjIs JllC j^=3j3 da>J 4m^-iUI 4- jL^^' 4jtlaJa *-loj3 ~ \ 



. (JjJljLloJI (>j <12L_JJ I *.^"<* £_ 4-ljaJ) j^w jj^-^j (jl jLe=LHI *_a tjblv 2) 
Jl>- i jL^>JI (j-a ^Igjtl i^>JI 4- A^J-''' £^P' O^J^ ^UiiiI^j JLc^/1 JJ 4J9j_Lai,| £-3>J ~ 

• d>*- ^* * (jr^j ^^U 2jjl ^y-L^I ij\ jIjl*JI 4- ^=>>-" ^ULiil j-iSiji,! J^-j 

1 . M i^irttl £-3JlJ (jy^*- l^^^Jj^o (<U jljmJI j_^=j_a 4- Sjl^>.jJLl 4JiL>JI il-lt La 4 Vi 1 nl^aJ 
JjUUI ^jjJllI! J \ JiljuJ! 4- ^jJl-lII j-ijJtl liL^so (<uJ <(_£jJl_l!I j-ciijll L$*-a LdjjtUI 

4J3j_LJJ dlj^-3 Jl£>- 4- <^=L^ tiJVI l_sjJ3 (J^itt ni i^l Jl3-JJ "^ 4Jt <>a Jl^=L1II <uJ _ 
■ J-a-CLi-u-U <JjJ9 (j-a I Laj. (_£i fjJ9j JL>- 4- ?""" ^ <_r^' a JljJlcoJI Sj^Lai&i! 
*U (j-aj 4-Ll a JI j i n^-i ila t jL l l > . zl 4 t U aj i>jh i,Vi'q tjjj Mitltl flji <- iir i uJ 4j9j_LaJU JJ^><J 

.LiLjIj LLbj 4J9j_LJJ 7c^.jLjj 

.tc_iL^=JI f-lj JlII LlTl .1 iloj-ul^J ^IjJail 4^=>3- 7rj^-l (<UJ _ 

4JLiaS j 1 "^— ■ ! iJjjLiil 4^1 Utl ^k (jj^-i"j ^jJljlII j_iijj,l Lg-LJJJ JlII a«.ljJi!l Jl>.| ajj - 
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:«jlLLJIj CjuLji^JI 









^>Jl ^jjjLia 


>JI J^i 


ljJl*Jll £$j 












(_^jia t_JLa 












(j^/U-J 



j^>JI Jtl£. *Ja 2 1 1 A^L^i^s / jLiTl>-VI S.U^j ,„^— t aJjJljII aalUtl = ^JJulaII *Jul&}\ LajLla 

(jj/Utlll) 4ljUa t rti-^iitlj (^jiaJI 1-JLuaJlj 4_JLlai,l jljIL^= -aji^ilt 4.a.lljei,l -iljil 4_«jULj 4JjUla 

.(j-AJ-II JjJlJ>JI) 4 A.^^tlj (j^a^l 
.j^>JI J^-i miJ 4-Lu<JI «jlj-=«- ^-J-^J <U^=Lt,l pji^-i jLli«-VI £jLiJ ^^Ll Sj^J-ll J^al^»JI 4 M!^l_La 



(j-iUJtl «Ji>L-a jLjlii-l 

HARDNESS OF METALS TEST 

Cc jv j 1 ^— i i ii Liy l a 1 <iA i » 1 (j-r Vi i n (J^at-iliJ lal ii"i~>- 2 1 £ya 4 i^— i o 1 <_^J-JI 4_u-aL>JI (J|r fi> <jJut-« (_£| Io^Lus 
4_) Ls^Lc CjjJl>- 4_sjUls {J ^£L (^jjuj.1 fda-m) (jJJti.1 sjJJ9 L$JL> * ^ i^aJI <-2j-*J JuSj .JLu-^l j_uG 

4_u.mil I e_OL-__JI OJjLH Jjj-ta -^W^l J^— "' Q^^J 0->-*-^' t^*^ (jr- 2 - (j .' ^ '.' ^ ' dJjJtl!! IJl_-J 
t^L 1 o^-i Jjj-t-ill "-V '"^ 3 Sj>LuaJI C-iSj-C Jl3j . <jjL__*l! 

IDENTATION HARDNESS ^>U]loM^- ) 

^^-m aL<J-)j ^^-^j'liL-ul (J-fl^i 4JLuwJ Aj*_uj 4j <La}l__. __jjJ->J (JJulJJ 4_ojL_La 4_i___>L>. (_--<*> J 
(i _ulj__t.l Jjl^Ls-l 4_ajl___a ^..-l>- <j-« 4-Uj->JI CjLc.jjJ.1 t\j$\ S-i^L-a iJjULa '£— 1 j «l. t^-~ . -1^-.) 

REBOUND HARDNESS jIjGjVI sj5Lu»- y 

.(^LjLti!) 0-^' Sj>L«-3 ^jj-^= Ui^= <il»-i^j-L^aj y bljijj! 4^j^a spjJtl 

SCRATCH HARDNESS ^jJJIoM^- r 

.(-S^-J' ' - > Li ' o g ,' (_>IiJi^eJj ^JJulXI •- la i •■ <LajULa 4_u^sL>. (j^J 

WEAR HARDNESS J^tui.M^- £ 

(jlji^iiitlj Cj}L*jl!I) idl^-i"-».>U 4j*jjJ J^=llll ,j] iJj-Ai (JJl»J,I 7t Vim OsjLLa 4_u-aL>- ^yAj 

MACHINE ABILITY HARDNESS oL^iL J,^! i&u~- o 

.(?tJI ..i . liVitlj * inTtW Ciljl of) Cil i^— 1 1,\— i (JjJLiiuil (JJulII OsjLiLa 4_u^L>- (jyAj 






:(jjU-*i! Sj^L^aJI CjIjLjIvI £jbJ oLa|jiel<^l 

2 J^Li-is (J^a L*_a (j aj >^a 4 1 1 n i J^— > ] (j I i>t,-L>. c <LC LLt^aJ I * Lu I i JLl^II 4 iQ-LLa V I ^j^aJ^^aJ I 4 i 1 u < Ja-uis - 1 

.43^yLus ( _ ;r Ll c-jaim I J^— ,*:,lt (jjLtil Jjt nil aJLjIs j-uG ^JJua ij\-£~ i 
HaL (JJulU S-iM-i^a Lb^iJuj Lgjlj^-J 4^ej-a (j-a Jl^=QIIj 4jj|j^>J| Cj^LsUII diljlpf J-fiG Aj^IjJ- 

■ i. 1 1 nLuJI I Jui> JJljso iJjLta Jl>-jjj Jt^foJI A^ajlJLa «_a LjJj-Ls 

4jsM«JI s j^Lus jLlL>-! 

(Jj^jso 4-L.C--KJ A^ejjj 4_) <La}J_£. CjjJlJ»J (JJulJLI A^ojLLo 4_a^L>. L4JL1 lJL)L-u LfcLtSj^l I -i^-— (jr-ikj 
(jjL»i,Ll i-a^Lc J-<l£. 4-La-m^aJ ilSjjiaJI OJl^J <j-}L»i,l S-i^L-a JJlJsoj t ^^-m aLbjj ^^jlG-ml 
^^a ?-jl^jj * Ia-i 1 •■ ' a Jua ^_ «Li ^GLj l£^' ' * ' ^ ""'ji ^ L * J l>*' '-^v-' J (*> '"*> * j ~- ' " lt^- JaJLtJaJL) 
(jL^= 1 ol^-> JJ-^jlJI jl jHz\ 4-a-La Cjjlj 1 ol^->j ( 4 iiof jl ^p^l ( _p3j^l (j-"LdJ pu (j-«J ^rP^ ^ * C^P ^ 

.(j.i^-ntLg 2j>}Ua Jjaf (jjmJLl 

:La>LxJI SjMj^s jLjo=>-I 4_u»_aI 

4_uJm_U CjUeliUj (j-iLt-U 2j^L-a AJjULjj JljJltcI! <ja\jb 4±i«fsj ^^jlz a-d^LtJI »jM-lo JJJ*J 

:4jj^I uj! wii>U lLUJj ^^J^' ^jTLL-u-a IL. p^-— ->"'^j Lg^ ^u-lloTlUj 






jL^=> lil La! i VICKERS jj^^^a jLtl?>.l (jr *iu T j^ Uj^ji LluLs L«>ii> jj^-^j -^j <BRINELL 

.ROCKWELL j^=j jl^L aJUJI 
BRINELL: j:^ aJl^ ^jUI sjM^. jL^i - l 

j-LtJj . jJjJtl J-a^*--!' SJI^I '^ tiiJJj jLiTl-w^I SjtiaJa ~t-,..^l^ Aj^—tl ,Uii>s ^ys «_iLl!I /<ua (D) jii^l j LaJ3 
( ^a)jLpa.VI Ajdai^^aj^aJI jM 1^1 , ,.*/(p.»^-.)jly,.^ VI J^^ = Sj^L-ail Jjj_> *J3j 



3.//.N. = 



-«f-^-<f)-> 



j- pA Jj . JO^ i^-ilt (Jjj-J (<l3j <— il 1 u> Jtlc 1 0(jVi 1 "_aILa jL i lcIj ^JuaLtLa jj^-*L^-il 4r>-^' J-* 3 - 2 <J-"W^ (jr^-Lhii 

. aj-^aJI jlaJS \0 Jl \Y0 ^a rj|>LJ OjlaJS (jL^= lij JJ>J (<^J l_sLloj»J Liu/Lia j_WI 

x-iisj Julj i J^— 1 i"itl ^_ 1 0^—1 4j^-ijtjjjLj-a> 4 M^->La ^Ijiitlij/I (j^~» <1J <L2jjlaJI i>Ji^J s-S^ i^itl jL l l > -I <JjW(J 

ioLcj < i^a-LtJI i^ya j_yJL>.j ^j nl al -- la 1 u Cjlj ,jj^~" *"_J ' ' a C-JL-aJI ^j-^ * * ' -^"' (jr^'j (_H>^ t — ''J-^ 3 iS^^l 

jLlI^VI 4_Lj£. tiia^-j jUjI ^,1^. c-cmllll Sj^-itl jial cJiSjIjj (<ua (^ ' /o/X/\) Lkjliaif CjIj^s ^Jiit^uj 



JwIljMlJjJ 




oM uai! Jjj_i jLp^l 

: jL iT l > - zl (J^*.j (Jjj-J »J-^= J-k 3 -^ D'V SS^Lail 



COMPRESSION STRESS =- t - T = Const: 



LltjLj - «j-^= J-* 3 - 2 g-Jj^a/jl j" - "*- 3 1 (J-*^- 



JwIljMlJjJ 






gLu) 




(-o>L^ii J>j-> jLpi.1) j3^l ^ cbLi^JI oVL 



4-4JJ9 ^^fl JjJl^>JI l£-j£J iJJulU e-S^L^ ^^iil ^CuvuS i_oJ9jjjj (JJulU faJ i_3^Ll>.L) dulitll JJu«JI I Jufe cJjJlioj 



O^l uail (_Pj-J («\) 


(jjUi.1 (j-a 4J!usi 


colill 


n- <>j-#=i 


4jJjJlj»JI (jjUJLl 


r* 


n-jiv^ 


ajj-LwI lLLjLajj/j (jj/Lstlll <_iLjLjj-u 


\« 


>J!V 


Aa-u.a^jVI — (jjjL^e-dl 





Y« ^JSt 


1 Q(j^— lIL-i-uJ j-jj ir^lritl — ( _^aLl-ajJI 


\ 



: 4-uVI (Jl^>-^fl 4r f — L r e - L g ' J^ 1 (-Pj-J ^d>^ (*l JLselLidul j-i T l i j 

. J ^—1 )"|"|J l_3j_i_u l(j ( rlli< flj^-l tl (jV JO^ l^ltl 2 JlJJlJu (jjLlil - ^ 

. jJLaXI *j^>il li-Ui-u £>£. JlJ>J J^ JJ^I (3-*£. (jV t-djlijib fljJLaJLl jjLtI.1 - V 

VICKERS tjj^/i aJL^ jjU! -o>L^ jL^I - M 



JwIljMlJjJ 






gLu) 



: ^L^= "o>L^li jj^j'q 



Vickers hardness number 



^>^i Load 






Oiagop*i 



CD 



" ^77777777777 777777777777777^ 

Vi'cker* __XS 



Cjjj^= La^a J^-i Mill I|_ jjijjl aj-ifclli <iJ (jjuJ LiUjJ Jjj_i »j-^= <>a Sji>L-a J^=>l t5-"UI fJ-fJ'" ^ 
. ajJjJLl JLa^-VI ^Jj-f*3 La^a jl j-fjieJLl (JJulU aJi^L-a 

. /<u« * , \ i £J pi ii i^l>- i '\ o i nil 4 iij^jJI (j^Liil a J^Lua Jj Jlj>o 
I Laj j i >■ a j3z\ j-LaJ9 (J-"^ ,jj^-— _' till Jljj I JJl^cjo Lx_iislj j j laj 0j2\ (jLa jL^>JI aj-J 1 i_3jj^>J IjJaJ - V 

. (Jjj-j aJL>- (j-« j"i^-ii LLtajij 

ROCKWELL : J_o^=j aJl>1^ ^ui 2-0^ jL^I - ^ 

> . il i^itl (j-a aj-L t -L O aj-^= (j£. ajLiC JJ^U OJi^ta *> i »->j 4_<3Jj_LaJI OJJt 2— aj^l i^-itl jL iT l > -I ^j^so 
(jr Ll jJjJJ BRALE ^ a i ii j (j^iUI (j-a jJLu.m.a i_3j^»- 4J ilajjJta jf ^aVOAAA 1 i».jU jJLuaJL I 



JwIljMlJjJ 






gLu) 



p>' 1 - A " <€uj-l£ f^\ Jojl (J-S-^iJ 4-Ll*]I (JjjWO Ju«J LiUjlJ /<S-3E-^3 ^ ♦ ji ) ♦ • ji *\ * (J-a^iJ 4-U.tJI 

.s j>L^il (^L^-a <j_a jj.iL* oMt^-U J_^=j ^j <l~u-^ Ij^jj < LOAD MINOR 

jjVI (J-a^l *-a Lli n^-ir- LujLu i. 1 1 "Lb (jLuJU (J_^=j /<kJ3j (jl (jj/Lul (jylc LuiL^la (Jj^=j (jy Ij jJSj 

cJJ9 UJL^= ^1 oM <^ilt Jj^=j ^j j-*-^> Ui^= jii^ [2*£. jlj UJL^= «=ljT ^1 i J-a^-JI (>« £jL!I 

. J-tLJe-ll ijJ^*\\ Sj>}La 
iL. <bea-bj* (jr^J ^ tli^J J -" tli^J J A J_^=J < ,»LuJ9i «-)}Lj <Jj <_L^=J 4-dJ>L /<u-a2jjj 

. ((j^Lla jl) 



JO^I t,~\ It (J^^=j (jjjjjLLa Tcjisjj (JjJl>- 



(J^/LlHI L\Jj>}La JJ^j (_p.II (Ip^' 




j3>U 


d^JO^W^ 


' ' "j" _J L^Lh*^' 13 'J *J ^~~* ' '' l»aj| 
4-Jj-taJI Ljjmi,! (jl_uii2Jlj 7-Ll^Mj 


W 


(O-a^OAA 


iiS||B 


4jJjJu»JI dijLiaJlj jJLuaXI c-JLuaJI 


^0< 


i_3jj>o lL jjJta 

)jj i mi a j_LuU 

Brale 


Cj^=j 




V 


i_3jj>o lL jj^ta 

Brale 


AjjSj 






JwIljMlJjJ 



jl»IljUIy-l 



gLu) 



. (Jjj-J iaj^Ia (j^a JljLIII >J^<L> <UjL2-« (J^^aj aJL^Is (j^a ^LjJI j^z I J-*-^> ~ $■ 



.Jia^=jj jj ^—i j'^ij (_pj-J <L2jj_La_i 4 rtl'iAeJLl -iljJtl a -i^L^a JjJljso 

:Ajjj»jJI dlljiaa. 

: Jjjj *^> ( 5 

(_j^5L>JI (JjJl^>JI (j-a (C) Cxjlill 4.4-iS LT4H" (*-y (*"* ' (-—i-i-u LlX I (-D) (_Pj-J 'J-^ 3 J-^^ jLll>.| (<UJ - ^ 

. P/D = C 4^Mj«JI (j^a <_Lw»JI 4-*jJ3 JljJl^J fUJ tiJJJi tyk. ebjj t dU Jlj 
lj-»^'" (jrk 4j_i_uI_LU (Jjj-J aj_^= x_iisjj /<u jLpa. al jLg-»- aJtcLS (jyk jLui^VI AjtlaJa x_iijj~ Y 
jL iT l > - zl <J-*^- ^JpJ (<U (") jL uJw VI (J-*;*. 4-a-La (J-»*aj cr^ 1 *" W^U^ -^'-O^ J-*^ ^(3jl f "^L ^»2j 
4jlLi2 rcla-m ^^C (J-lJ-J a ) ^— > -Lt-ua JjusJI Lb Jl*-1 (jlj- 1 SH * J i (j-U ?-_jl^JJ 4_LLoj a^ILaJ I^J iLa 

ajL±C QJ)^~~>Jjt-Hj jl(j^tl 4-ifuLi (jylc. aj^— I tl ^31 j^t^y^ jL iT l > - zl 4 tV-i<^ 7r Vl i nt j (j ■> t, I <L-uJlC 4^-jJ ~ Y 
(jjJuaLtLa qj-^W 1 -'' 4r 4-^1 <^l (^k. AjAU 4-uj^]| olj LajJUl A I JiitLi-u L) LjJjJaJS (J-"^ ajjlj q£. 

. (D) 1 0(jVi i "_aILa (. r i m-sjj 

(jjjlj-1 CcuA, 1 (^yjj/UI aj-JL) L^JeJa-m (jyic j3jj (<U jLiTl>-^?I jLg-»- aJtcLs (jyk. jLiTl>-VI S»U.a «_iis jj ~ Y 
. <LuLjY * j ^ jj^a ?-jl^jj 4_tlaj apji! I^pj-a (JjwJI I jub tiJpJ (<U (" ) 



JwIljMlJjJ 






gLu) 



L*Jj-« Ij" i j jk^ 4_tic 4J ^J-»C j^jJLl <L-uJlC 4_l»-jjj jLla»al AjtlaJa ?e-La-m (j£- (jr-"-"^' (*Jv^ <-)L)^ ~~ ^ 

.(D) 



jl^jj. i Vi j i >i J J j r tlieJ,l (jJJti.1 fj-Ll t-xj-uLUI (C J_a^=j B <J^=j A <J^=j) J^^=j (jj/LuLa jLL>j _ \ 

'£- BRAISE j^SLu^a ^^-i-uLa JajjjtA jf B Jj^ 1 — j SJL>- IL. /<s-«V0AA 1 &j Lai jJLaX I C-JLaJI 
: (jr L I -i^-— JaJLuaJ I /<uj do>J i C^ (J^^=jj A (J^^=j 4_JL>- 

(«^= ^ o > jf ^ • • jf 1 • u l^-,tl J^JI (jj^j <^ j^=^ J*^l iaLbb J**JI 2->Lj ( c_s 

. (^Jljlilj C J_a^=j jl B J$^=j jl A J_a^=j (j-^Lii 

J^=J <J-"W^ £dj^' Cr^- J-AM' °*l>^ J-*J Ji^J c^j ck 6 -^ f^ J J. 1 ^" 1 ^ J-a^*-" Jljj ( £ 

. Ij3§ja (Jlj I "J '* i -^ II (J-q^vJI (jl 4jaa»^ a *_a ( ;> JlJt" i hU 

: jljLHIIj CiLil i n-stl 





J.L2JI 

D 

MM 


D2 

MM 


DI 

MM 


P 

KG 


C 


D 

MM 





















































. J^jI mtl (j^JLail Ujj (B.xi.JN) ioM i^ilt (JJj-j (<klj <— >l ni-w ^uj 



JwIljMlJjJ 






gLu) 






J^f^J 


U i La i " aU-1,1 

MM 


D2 MM 


DI MM 


J— 
P KG 


4-LutJI (JJula 







































. JjjL-aJI (jj'tl Sit Lijj ( V.H.N) a QJ uail jj^~- S* (*^J V^ '""*- (<^ 



C J_^3J 4j1_l2 


B J_^=j 4UjJs 


A J$^=J 4^^ 


4-LlaJI <jJ-*-a 



























JiiMiLlI CjIjLiTl-wVI ijja Jj-aL>JI jii^l (0^=-=«- OJ^ L*^= ' iaJjseJLl -^J-^' 2j^L-a 4 Mi^lla /<uj 



NON - DESTRUCTIVE TESTING 

. 4-tL.SIL all LgjLal JiitL-uL) jlj_iis ^1 (jjj LgjL*j-Laj 4_u-uJiijJI -iljll (jylc- 

JaS oLiiilj cjl_Lii=m *lj^lj jIjIIjLi^V sjjj^iJI i^UJI Sj-^l oljJ^JI 4_ oj^li j^j 

. CjljjLLaJI JlLa 4-JLc CjIjL^J ^\ kjusjjtX\ lLUj 4-j-aL>-j 4_L^=UI /o in->- *l_Li iL. V^*° 
^yLl M-J-i L^»-L>j (jj^-ijt icjji^a <J^= (^-a ol_Li£. ( _ ;r Ll (XH?-J (jr 1 -" 4-allU Cjljl_tL>-VI ^fl^-M Vj 



Jius CjI m^->L1Ij Ol u,mU <_>^*J 4r Jl: ?"'>^' 6-° 4-4-t.U *lj^^l (^♦q; Hju^' ^^-^ c^i i^A}-* - ^ 
•°J.!.'^~' 'JJ- 4 ^ 1 *4>^' Jjlii" JJ L^-^ ^*- 4 <L*_«j>Jll CjLajjmi (J^L>- <j-a JjjjlIIj r-LjJ^n 3j-^ U ' "**'"~ ^ 

< ij , „",tlj ,U» ,^tl » <~iljl j",-^ VI- Y 

. 4-Lt.q-cJI 3.3^ ^W^^ 1 CjIjLiTl^^I- 1 

MAGNAFLUX INSPECTION ^LL^tl juaL ^l oljL^l 






dsljj C c uij /<u bfcjb-*L>-l jljj AJtlaJa IL. (jr iu-iL l_LLa JL^J CjJls- Ijl 4JI '2— AJjialll ojufc (j-aitilij 
1 uaj) ^j^— > i ' 4JI ^ i^— . 1—jjIj; Mitlj r-jj Mill JjJoLLa £_ »_frjelij CjIjJJI lIUj (j) ^? , J Wj^ JjJlJ>JI 
Sj-LiieJU slj^-^l ^_ (J-ujLjljJI (_^Juaj c-J^jjlJI *_iislj^a (JV^ O' L#J->jL2-«J A-u^ila Ltii I 4jJlO-LU jjjJiL) 

. f .*uiVlj *r^J^= PARAMAGNETIC 4,,„,ull^ IjL ^ ( I 

. ^UUL^ DIAMAGNETIC w^LLl^LIj ^ ( M 

. cJL^Jlj J^mIIj jjju>jl^= FERROMAGNETIC a^j^ ^ ( s 

t 4 ji int-iLliJLl AjjLfljJ.1 <Ujl ri <U jL iT l > - Z I jL^>- 
l_£Jua (jLuj 4-usL>. a j^>- Li jjJuJ.1 jLpJI Aljiielu-uL) Sj_uieJ,l CjLLjjlII 4-LaJJLa £_ 4_2jj_LaJI tfjufc (j a ^- 1"" 

: L^UIj^^J 

aJlC ( _ ;r Ll Jj'inj ci«-p. i*IiU » Virttl (j^iJLso (j\ <i <M ^yll ii^itl rLjJ^/l IL. 4JLj_La]| oJJt, AjLsr'mn 

(j^. 4 iil"i-ttja CjLLlC j L i- L a . I Jtlc 4_ul_ij^^= CjLjJ, »1 i>i" jl jl(j^1l 4_iiLfu (jyic CjLa-j^a j$V~i~\ ct-^p> 

. aJLlS.} 4jjslj_a Coj ^LlJ^I jj^-— _' LiU JlJJ LdoU j"i i ul q£su*jl& 4 pjlmtl CjI_Ll«JI 

<_, i int-iLim (JLsJkLl ?-j^ Mitl CjIjLajJU jL^->- 

'£_ 4 ji njt->l_LLt,l (^5-2JI ' k j ^ >■ '- ' ' •<"*• J^~- '~~~ LgJLa LLaJuLc^a ' . 'J'^"** il^ 3 * - J>JJ^>JI ^Lh 1 *-' "0 ^1 
(^yjji^JI ( _i V> 7) 1 1 J (^1 <i Mill > . lUiitl (J^^- Sj-J^aJ ^j^eIu L^JI 1 0^— > . ( . ij i>irilt ^ i njUlim (JL>J,I 
(j u^Ial ** 1^~~* (J-g-tJ ' Lj-iia^Jl ^^yjjj^. ^j^a (J^ 3 tj^ f'J-'-" 3' ' . 'J'^^" ^- ) ' "^"' Jl>-_J I JL2 1 ijjuaJiU 
JjJl^kJI SjljJ C^ijIjLa LuLLa^XI c_sLLaJ9^Li ^ q ui" (jrJJ-^ <_JaJ9j (^U^ i_Ja^ 4J 4jIJlj J21m/a 






LlUJJ ia^jj jj^~ '"'"' (jjill 4-Lt.iiyjII <— iLLaJSal jL^ (jA>^ J' <*^ r>" ' ^ ' * q d (" '"> Ar '^-i '-*! ^^J 



: '£— iSjjiaJI ojufc AjLJr'iin" ( JjJu»J1 »jlj-J 4-d£>la CjLaljLsr'nul 
(j-a Jl (JjJLiluJI CjLI of ^j^a jl ajlj^>JI (j-a <L>JI_LJI ?-jj_ilJI q£. * rt mi^— iJI • 

. I_)j|jj>. (JJulXI 4jLoLl>3 

^UeJLII ^Ja^ I j 1 «■ ^? CjI_Ll«JI tt Vim Ccjvj uj^-ulJIj aJL>-IjJI Cjl_aj*-ill iSj-«-a • 

{j£=iLa\ L4J1 Lg-La (j-taj JjJlj>JI s-ilj-J djLt-c-70 ^j-a <Lc.}L>JI j_4>LLkU ^j^«,' <L2jj_LaJI ojufc ^ La »" Jt£j 
j-L tl l jl IJo-a i_ 3j->- Jl A^ela (J_a^>- IoI^j-lII /a-^sl^pJ ^tH -1 f^'J^I Ar QJ)^~~'" < ^ l(j i^—itj ?-j)j_<lu Jl»-Ijj 
4_LaJiJ Jtlc jl AjjjejJI j^^~ > a i^- (jr^J^* - C3 ' "J^"'^-' 1 ' (J^ =J ° Aj^J"^ J' «j-ilJei,l 4_Ll*JI fr I La 2 1 ( %J*-Lla 
LiUj «Lclj_a (j 1 »*>,; LiUjJ Lli inViLliJLl L^jjjiiia < M"**." ( -^*tP" (J* rtl"~tt-a ^jjJljJl^- (j"*- 1 ^*-^ (Jl '<"»"l 

. jLpa.^1 *l>a-l Juc L^3>Llaj j-ibljIaJI 

; 4_aLk CjLLaj»-^La 

. CIRCULAR FIELD ^Ul jug l 4JL>U f j^^i^ lj^LJI ^Ul ^ < «r,^\} - ) 
LONGITUDINAL ^^\ JU41 a^>U f j^i^ Lu^j^i ^>aji ^ < ^.^-.n - y 

FIELD 






'^b^ 



. a t- 1 *» \ | 2 \\ \ A*t l jL^>. - V 

. ( \ ) /<wSj ^ i »j\ pl ^-LlflJll ^j^a jl^^tl ( Jji )""< /<uj ~ ^ 

. (Y) *$£j ^-Lliil 4 Vi i nl^j 4j*.jJJ J^— i i"i jL iT l > .I /<uj - Y 

/<kJ9j T-LXiiU ^^ j-<J-al ( ^ ) (jyic- jLp-M i^J^a jj LLa^jLa 4-La ■ ul^j) J-*-^ ' ( * .V) (jy^C- J^P^' ' *» ." ^ (*-y ~~ ^ 

. ( <_jj I M, I jLjIII l ^£- 'Vij 'Ml (<UJ (^J*- ^ Y /<^j ^-LioH (j-a jLjlII <*-«-f9 4- f*^=LS&i]lj ^ Y 

j_yic A A (jj-L2jJI Ja-uJaJ I ?-LLa^a Ja-u ^-j^ ( 1 x-iis^JI (_ylc i 1 f^J ^- > "3-^' J u^bj ?-LLa^a Ja-uJaJ - £ 

.(0<>) 

. (©••) Cf it^- I'V (oi>j XO j YO 4. ^^-.toji ^-Lii^ ,Uj.>. ^ - o 

^rflla (j-a J^= 4- (^J-"L^I CjI_Ll«JI ) SjaliaJtl ^I^-kJI 4- (j-G^jLfLlLI jLpjwVI "i * Vv 5 ! i La j i a - 1 

■ a- 1 " a a lLu^jso 4 la ■ ul aj 1 -v *"' ' •■ a ( Iaa. [-'"•*' (jr^*- 4-iftil i iill ^j-lc- -^3-^J-*' /yi-se-i-U Ja_LLa jtvlu ~ V 

. jL^JJ oSjuXI s^Ldl c***j! jS uj^-t" ^UJljj XO j YO p^i^UI 

. ^^CL^J Ltiilti I jLiTl-w^I w " » LaJ3 Ju»-I *-3j /<uJ - A 

. pjUJI colli 4- L&jLl>.| jlj-ll 4j«Ia2JI *jisj ajj " *\ 

4^k2i! o^ ( J^l 4 ^M^l jJjI} fJ tfT) io.^M.a i^LiJI ^Ll Jj^Jtl JaiJI j_al^l I j) " \' 
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.(l) ^yi ji v-Hyi c^i ^ ~ Y 

.(1) *-<is_aJI ^Ij Ajpl jJI UalUI r-LLLa jj| — V 
.(O) j-^yi J! 4jU^.tl 3U;;ll ^LiA* jj| - i 

■ 4 jmLua 4-a-^ J if 4jp| jJI Alaiiil IL. p ^~- — "^ T-ITlIa x_iis — 
(j-a Jl^=GJLI) 4-Ll»JI iiaiLa L ii t-u-a ^Lij^^aJI jLu-II J-*fJ 4-LL t JI (jyic. i lit i>nt aJlSJI ?-LliLa (J-i-cu — *\ 

4J J^L>II I jufc (jV JjJlAJI jJ^>JI *-«) SJtjjtll (_yl£, 4Vilinj Sjj^JI J^Le-4-1 ^LkJI ^La-uaJI tcjs! — V 

.( jJL>JI u ^£. jLi j_utj 

.j a tr> 2 1 Q5JJL1 4_Ll»JL) «.5_a^*.jJtl r-jj-ifoJI j(jlV''^ aJl2JI ?-LiiLa ^^c ^JlSJI £-2^3 — ^ 
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